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The Human Serum Paraoxonase/Arylesterase Polymorphism

HARRY W. ECKERSON,! COLLETTE M. WYTE, AND BERT N. LA Du

SUMMARY

The heterozygous human serum paraoxonase phenotype can be clearly
distinguished from both homozygous phenotypes on the basis of its
distinctive ratio of paraoxonase to arylesterase activities. A trimodal
distribution of the ratio values was found with 348 individual serum
samples, measuring the ratio of paraoxonase activity (with 1 M NaCl
in the assay) to arylesterase activity, using phenylacetate. The three
modes corresponded to the three paraoxonase phenotypes, A, AB, and
B (individual genotypes), and the expected Mendelian segregation of
the trait was observed within families. The paraoxonase/arylesterase
activity ratio showed codominant inheritance. We have defined the genetic
locus determining the aromatic esterase (arylesterase) responsible for
the polymorphic paraoxonase activity as esterase-A (ESA) and have
designated the two common alleles at this locus by the symbols ESA*A
and ESA*B. The frequency of the ESA*A allele was estimated to be
.685, and that of the ESA*B allele, 0.315, in a sample population of
unrelated Caucasians from the United States. We postulate that a single
serum enzyme, with both paraoxonase and arylesterase activity, exists
in two different isozymic forms with qualitatively different properties,
and that paraoxon is a “discriminating” substrate (having a polymorphic
distribution of activity) and phenylacetate is a ‘“‘nondiscriminating”
substrate for the two isozymes. Biochemical evidence for this interpre-
tation includes the cosegregation of the degree of stimulation of para-
oxonase activity by salt and paraoxonase/arylesterase activity ratio
characteristics; the very high correlation between both the basal (non-
salt stimulated) and salt-stimulated paraoxonase activities with aryl-
esterase activity; and the finding that phenylacetate is an inhibitor for
paraoxonase activities in both A and B types of enzyme.
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INTRODUCTION
Human serum paraoxonase (E.C.3.1.1.2) catalyzes the hydrolysis of the or-
ganophosphate paraoxon to the nontoxic products, p-nitrophenol and diethyl-
phosphoric acid [1-3]. Paraoxonase is an aromatic esterase [1] that requires
calcium for activity; it is inhibited by chelating agents such as EDTA [2, 3], and
by the organomercurial sulfhydryl reagent, p-hydroxymercuribenzoate (PMB).
Unlike serum cholinesterase, it is not irreversibly inhibited by organophosphates
[3, 4], and, indeed, some of the latter are substrates for the enzyme. In Caucasian
populations, serum paraoxonase activity is bimodally distributed [3, 5-11] and
the level of activity appears to be inherited as a simple dominant Mendelian trait
determined by two alleles at one autosomal locus [6, 9—11]. The “high” and
“low” alleles [7, 8], designated N* and N' by Playfer et al. [6], have since been
called ESA*A and ESA#B [11] to emphasize the qualitatively different properties
of the isozymes. The B isozyme is more highly stimulated by NaCl [11] and
usually has greater activity than the A isozyme; the two isozymes also have
different apparent K, values [12], calcium requirements [7], and pH optima [8].

Arylesterase [13] of human serum is also designated ‘‘aromatic’ esterase [4,
14] (E.C.3.1.1.2). Arylesterase activity has most often been measured with
phenylacetate as the substrate [14-21], but many other aromatic esters are also
hydrolyzed: o- and p-nitrophenyl acetate [14, 22], beta-naphthylacetate [13, 23],
vinylacetate [24, 25], and thiophenylacetate [26]. Arylesterase activity is greatest
for aromatic substrates with an acetate moiety [24]. Arylesterase, like paraoxonase,
requires calcium for activity [20], is inhibited by PMB and EDTA [3, 27, 28],
and is not inhibited by cholinesterase inhibitors such as eserine and organo-
phosphates [29].

In spite of these similarities, there has been some doubt whether human serum
paraoxonase and arylesterase activities are properties of the same enzyme or are
two distinct enzymes. For example, an individual’s level of arylesterase is under
genetic control but not by a single major gene locus [18], and the distribution of
arylesterase in a Caucasian population has a single mode [18], whereas paraoxonase
activity is bimodal. Kinetic evidence has been cited to suggest that hydrolysis
of aromatic esters and certain organophosphates is carried out by a single enzyme
in serum [1]; however, with purification of sheep serum paraoxonase, the ability
to hydrolyze phenylacetate was lost [30].

Our study shows that within a Caucasian population from the United States
the ratio of serum paraoxonase activity to arylesterase activity was distributed
trimodally. All three paraoxonase phenotypes (the individual genotypes) could
be clearly identified by the ratio of paraoxonase/arylesterase activities. The para-
oxonase/arylesterase ratio characteristic was inherited as a simple, autosomal
Mendelian trait, without dominance, whereas, previously, the paraoxonase activity
polymorphism was bimodally distributed. Furthermore, phenylacetate was an
inhibitor of both the A- and B-type paraoxonase activity. These results are consistent
with the hypothesis that a single gene locus determines the arylesterase/paraoxonase
phenotypes of human serum, and, most likely, different isozymic forms of the
enzyme accounts for the paraoxonase polymorphism and the different ratio of
paraoxonase/arylesterase activities with the two substrates.
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MATERIALS AND METHODS
Serum Samples

Serum or heparinized plasma samples were collected by venipuncture from 348 normal
healthy donors from the Ann Arbor, Michigan, area. The samples were stored frozen at
—20°C until assay, usually within 2 weeks. The population included: 181 males, 167
females, 324 Caucasians, 23 Asians, and one black American.

Partially Purified Paraoxonasel/Arylesterase

For some experiments, a preparation of enzyme was purified 60-80-fold over serum.
Each ml of serum was precipitated with 182 U of heparin and 92 nmol MnCl, for 30 min
and the supernatant collected after centrifugation (30 min; 4°C; 500 g) [31]. The heparin-
manganese supernatant was applied to a reactive blue agarose (Sigma, St. Louis, Mo.)
column [32] in 1 M NaCl in column buffer (pH 8.0, 50 mM Tris/HCI containing 1 mM
CaCl, and 0.005 mM EDTA [21]). The column was washed with 4 M NaCl in column
buffer and then eluted with 0.2% sodium deoxycholate dissolved in water. The eluted
fraction had 50%-70% of the initial paraoxonase and arylesterase activities.

Arylesterase Activity

Arylesterase activity was measured using phenylacetate as the substrate by the procedure
of Zeller [33], as modified by Kitchen et al. [21]. Initial rates of hydrolysis were determined
spectrophotometrically at 270 nm. Added to 3.0 ml of a 25°C reaction mixture was 0.005
ml of sample fora 1:601-fold dilution. The reaction mixture contained 1 mM phenylacetate
(Sigma), 9 mM, pH 8.0, Tris/HCl, and 0.9 mM CaCl,. The nonenzymatic hydrolysis of
phenylacetate was subtracted from the total rate of hydrolysis. The Ey;M for the reaction
was 1,310. One U of arylesterase activity equaled 1 mmol of phenylacetate hydrolyzed
per min. Usually, the concentration of arylesterase activity was expressed as units per ml
of serum.

The effect of NaCl upon arylesterase activity was determined using the above reaction
mixture containing NaCl to give final concentrations from 0-1.0 M.

Paraoxonase Activity Assay

Paraoxonase assays were made either without any added NaCl (basal activity) or with
1 M NaCl included (salt-stimulated activity) [11]. The rate of hydrolysis of paraoxon was
assessed by measuring the liberation of p-nitrophenol at 412 nm at 25°C. The basal assay
mixture included 1.0 mM paraoxon and 1.0 mM CaCl, in 0.05 M glycine buffer, pH 10.5,
and no additional NaCl. One U of paraoxonase activity produced 1 nmol of p-nitrophenol
per min, and activity was usually expressed as units per ml serum.

For studying the kinetics of interaction between paraoxon and phenylacetate, paraoxonase
activities were measured at pH 8.0, with 10 mM Tris/HCI buffer containing 1 mM CacCl,.
Paraoxon concentrations ranged from 0.1 mM to 2.0 mM. The E4;,™ was 16,900. Initial
rates were linear for at least S min at the lowest concentration of substrate, paraoxon, and
the lowest concentration of inhibitor, phenylacetate.

Percent Stimulation of Paraoxonase Activity

The percent stimulation of paraoxonase by 1 M NaCl (percent stimulation characteristic)
was expressed as:

Paraoxonase activity with 1 M NaCl — basal paraoxonase activity
Basal paraoxonase activity

X 100% .

Individuals were classified for paraoxonase phenotype [11] using the antimode at 60%
stimulation as the dividing point between the non-salt-stimulated, A type, and the salt-
stimulated, AB and B types.
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Paraoxonase to Arylesterase Activity Ratio

We defined an individual’s paraoxonase/arylesterase ratio characteristic as the ratio of
salt-stimulated paraoxonase activity at pH 10.5 to arylesterase activity with phenylacetate
as substrate.

Paraoxonase activity with 1 M NaCl
Arylesterase activity

Ratio =

RESULTS
Population Distribution of Paraoxonase, Arylesterase, and Their Ratio

The distribution of individuals with respect to arylesterase activity was unimodal
(fig. 1A). The paraoxonase activity of these individuals was bimodally distributed
(fig. 1B), and the distribution of the ratio of paraoxonase to arylesterase activities
was clearly trimodal (fig. 1C). A tentative assignment of individuals within three
possible paraoxonase phenotypes was made based on the ratio of paraoxonase to
arylesterase activities, dividing the populations at the antimodes (1.8 and 6.9;
fig. 1C). The paraoxonase activity used for all of the above was measured with
1 M NaCl in the assay. If basal paraoxonase activity, without added salt, were
used, the two higher modes of ratio would be less, whereas the A type, lowest
mode, would not change. As a consequence, the discrimination between the
upper modes would be decreased (no figure presented). '

Estimation of Gene Frequency and Test Whether the Three Ratio Types Fit
a Hardy-Weinberg Equilibrium Distribution

If the three modes of the paraoxonase/arylesterase ratio correspond to the three
paraoxonase phenotypes (individual genotypes), there are 101 unrelated Caucasian
individuals of the A phenotype, 92 of the heterozygous, AB phenotype, and 22
of the B phenotype. From the frequency of the A phenotype, the gene frequencies
can be estimated as .685 and .315 for the ESA*A and ESA*B alleles, respectively.

Using these gene frequencies and assuming the population to be in Hardy-
Weinberg equilibrium, the number of individuals who should be of the AB and
B phenotypes was estimated. The predicted number of AB and B types was 92.72
and 21.28, in excellent agreement with the observed numbers ()(2 = 0.03; P >
.8).

The Ratio of Paraoxonase to Arylesterase Activity

In figure 2, the individual paraoxonase and arylesterase activities are presented
from which the paraoxonase/arylesterase ratio characteristic was calculated. The
paraoxonase/arylesterase ratio characteristic and the level of salt-stimulated
paraoxonase activity are not randomly distributed but are interdependent, as
expected for one trait. The arylesterase activity of A phenotype individuals, who
can be well distinguished by salt-stimulation alone, correlated very highly (r =
.856; P < .001; no. = 156) with paraoxonase activity (fig. 2, symbol = A).
This population of individuals was clearly separated from the salt-stimulated B
type and represented a single paraoxonase genotype, the homozygous ESA*A
type [11]. Using salt-stimulated activity alone, the salt-stimulated individuals



1130 ECKERSON ET AL.

220 ———
200f

180
160
140 |
120
100
80 r
60
a0
20}

IS A A S A A S A A S S S S A S S

0 . A
0 25 50 75 100 125 150 175 200 225 250

Arylesterase Activity,
wmmol Phenylacetate Hydrolyzed min

-1
ml

220
200 |
180
160
140
120 [
100 |
80 r
60 |
s0f
20
00 200 400 600 800 1000 1200 1400

Paraoxonase Actiyity in 1M NaCl,
nmol min ~ ml

L

1600

Cumulative Number of Individuals

L L L s

220
200 ¢
180 r
160
140 |

[
100 |

Ly

0 2 4 6 8 10
Ratio of Paraoxonase to Arylesterase Activity

FiG. 1.—The population distribution of paraoxonase and arylesterase activities and their ratio.
The cumulative distributions of 215 unrelated Caucasians with respect to their arylesterase activity
(A), paraoxonase activity with 1 M NaCl (B), and the ratio of these two activities (C) are presented.
Solid line is theoretical distribution for a randomly selected population that is in Hardy-Weinberg
equilibrium at the ESA locus for the A and B alleles and in which the alleles are in a ratio of .685:.315.
The value for the population of AB phenotype is assumed to be an additive function of the ESA*A
and ESA+B products. The population separated into three distinct groups only in figure 1C. Arrows
at ratios of 1.8 and 6.9 are where we divide the phenotypes. Insert in figure 1C is a histogram of the
same individuals as presented in the cumulative distribution. Similar patterns were obtained using
all 348 individuals, including both related and unrelated individuals of all races (not illustrated).
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FiG. 2.—Individual paraoxonase and arylesterase activities. A plot of individual paraoxonase
activity with 1 M NaCl vs. arylesterase activity shows three groups of individuals: A, O, O; these
correspond to the three paraoxonase phenotypes, A, AB, and B, respectively. All of the 348 individuals
tested are presented.

included both homozygous, B, and heterozygous, AB, phenotypes. The salt-
stimulated individuals appeared to consist of two distinct populations (fig. 2,
symbols O and (). Within each of the two salt-stimulated populations, there was
a very high correlation of arylesterase and paraoxonase activities (r = .938 and
.829; P = .001; no. = 45 and 144, within each group, designated O and OJ, fig.
2). Even without added salt to the paraoxonase activity assay, there was a very
high correlation of paraoxonase activity and arylesterase activity within the three
groups (r = .822, .822, and .825, for the A, AB, and B phenotypes, respectively;
P < .001).

Pedigree Studies to Determine whether the Paraoxonase/Arylesterase Ratio
Characteristic Is Inherited as a Simple Mendelian Trait

Pedigree studies (table 1) showed that the paraoxonase/arylesterase ratio char-
acteristic followed the expected pattern for Mendelian inheritance of two alleles
at one autosomal locus. A sex-linked model was excluded because in our unrelated
Caucasian population the numbers of males and females of each phenotype were:
A type, 59 and 42; B type, 14 and 8; AB type, 45 and 47, respectively. Among
the very highly informative mating types, no progeny were misclassified. In
addition, the frequency of the different mating types agreed closely with the
expected values (excluding two Oriental families) if the population follows a
Hardy-Weinberg distribution and the gene frequencies are .685 and .315, as given
above. The distribution of parental mating types observed were not significantly
different from the theoretical values (G = 1.38; calculations included the Yates’
correction because the number of families here was only 36; df = 5; P > .9).

Two of the families studied were Chinese. The mother in one was of A type,
and the father, AB. Of the progeny from this family, one boy and one girl were
of AB type, another girl was A type. In the other family, the father’s phenotype
was AB and the mother’s was B. There were three B-type progeny, two girls and
one boy, and one AB-type girl. Although these pedigrees are small, the data
suggest that the ESA polymorphism also occurs in the Oriental population, and
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individual phenotypes can be assigned using the paraoxonase/arylesterase ratio
characteristic. This had not been apparent from the earlier work of Playfer et al.
[6], who found a unimodal distribution of paraoxonase activity in an Oriental
population.

The phenotype assignment using either the paraoxonase/arylesterase ratio or
percent stimulation of paraoxonase activity by 1 M NaCl gave virtually identical
results: 159 vs. 161 individuals of the A type and 189 vs. 187 of the AB plus B
types (the population included all individuals, related and unrelated). One of the
two individuals misclassified using percent salt stimulation had low paraoxonase
activity, so that the contribution of albumin to the total rate of hydrolysis may
have been given greater weight than usual. The average rate of paraoxon hydrolysis
in the presence of 1 mM EDTA (without added NaCl or CaCl,) is 1.73 = 0.97
and 1.50 + 0.86 nmol min~! ml~!, respectively, for six individuals of the A and
six of the B phenotype (P about .70; not significant; less than 2% of the rate with
calcium in an average individual). The paraoxonase/arylesterase ratio and salt-
stimulation characteristics cosegregated within pedigrees, as would be expected
if they are measures of the same trait. The paraoxonase/arylesterase ratio char-
acteristic allows the unequivocal assignment of all three phenotypes, whereas
measurement of paraoxonase activity alone [6, 8—10], or percent salt stimulation
[11], did not clearly discriminate between AB and B phenotypes.

Effect of NaCl on Arylesterase Activity

Figure 3 shows that arylesterase activity was decreased by concentrations of
NaCl that stimulated the paraoxonase activity of the B type. There was a small
but significant difference between the response of the two phenotypes. The aryl-
esterase activity of the two phenotypes appeared to respond in a qualitatively
different way to NaCl, but the difference was much smaller than with paraoxonase
activity.

3001

N
w
o
Q
i

200 .

Percent of Control Activity
(Without NaCl)

[¢] 0.25 0.50 0.75 100
NaCl, M

F1G. 3.—Inhibition of arylesterase activity by NaCl. Six samples of A type (A) and six of B type
(O) were tested for their response to NaCl using phenylacetate as the substrate, solid lines. Dashed
lines were those obtained using paraoxon as the substrate (an average of the individuals in figure 2
of Eckerson et al. [11]). The response of the A and B types differed at the P < .05 level (*) and P
< .01 level (xx) as indicated. NaCl has been observed to increase the activity of the B-phenotype
paraoxonase activity [11], but inhibit arylesterase activity with both phenotypes.
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FiG. 4.—The inhibition of paraoxon hydrolysis by phenylacetate. Phenylacetate is an inhibitor of
paraoxonase activity using either the A or B type partially purified paraoxonase/arylesterase activity.
The concentrations of paraoxon used were 2.0 ((J), 1.0 (A), 0.5 (0), 0.2 (Y), and 0.1 () mM, and
the concentrations of phenylacetate were 1.0, 0.5, 0.3, 0.2, and 0 mM. The assays were carried out
at pH 8.0. From the slope of the Dixon plot of 1/paraoxonase activity vs. phenylacetate concentration,
the Ki for the A phenotype was determined to be 0.77 mM and 0.55 mM for the B phenotype.

Interaction of Paraoxon and Phenylacetate

Our hypothesis that both paraoxon and phenylacetate are hydrolyzed by the
same enzyme was supported by kinetic studies of paraoxon hydrolysis in which
phenylacetate was used as an inhibitor. Figure 4 shows that phenylacetate behaved
as an inhibitor of paraoxonase activity with both the A- and B-type enzymes.
The type of inhibition was predominantly competitive as the extrapolated lines
on the Dixon plot intersected, but the plot of the Dixon slope vs. phenylacetate
concentration passed slightly above zero, and so the inhibition may not be purely
competitive.

Characterization of the Paraoxonase Phenotypes

Table 2 shows both the activities, percent stimulation, and activity ratio for
sera representing the three types of paraoxonase (where phenotype was assigned
using each individual’s paraoxonase/arylesterase ratio). For the AB phenotype,
a theoretical value is also given for each of these parameters, assuming a simple,
additive model, without interaction of the gene products. None of the observed
values differs significantly from the additive model (using analysis of variance

or Student’s ¢-test).
DISCUSSION

Although the paraoxonase polymorphism has been recognized for several years
[5-11], no human serum arylesterase polymorphism has been previously reported.
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Simpson observed that the level of serum arylesterase activity is primarily de-
termined by genetic factors [18], and both we (fig. 1A) and Simpson [18] found
arylesterase activity to be distributed as a single mode. The striking correlation
between arylesterase activity (measured using phenylacetate as the substrate)
and paraoxonase activity within the three phenotypes suggested that the two
activities might well be properties of the same enzyme. The trimodal distribution
for the ratio of paraoxonase to arylesterase activity (fig. 1C) and the inheritance
of this trait as a simple Mendelian characteristic at the ESA locus (table 1)
indicate that paraoxonase and arylesterase are more than casually related enzyme
activities.

The ratio of paraoxonase to arylesterase activity gives a clear separation of all
three paraoxonase phenotypes with no overlap of the groups; all three genotypes
can be assigned. The measurement of paraoxonase activity alone either directly
[5, 6, 8] or indirectly [9, 10], even with 1 M NaCl in the assay [11], or varying
calcium concentration [7], distinguished only two phenotypes. Previously, a
heterozygous AB-type individual was distinguished from a homozygous B phe-
notype by statistical methods [10, 34]. However, the paraoxonase/arylesterase
ratio characteristic makes the statistical division of the upper paraoxonase mode
no longer necessary. In retrospect, the assignment of the B phenotype using
paraoxonase activity was probably usually correct because the mean for the ho-
mozygote B type is greater than that of the heterozygote (table 2), both with 1
M NaCl in the assay and without it. The gene frequencies for our Caucasian
population are similar to those using only the bimodally distributed activity mea-
surements. The gene frequency for the ESA*A allele in our population from the

TABLE 2

CHARACTERISTICS OF THE PARAOXONASE/ARYLESTERASE PHENOTYPES

PARAOXONASE/ARYLESTERASE PHENOTYPE

AB ‘
A Observed Expected B
No. oo 159 144 s 45
Age, yIs ... 33 £ 15 32 £ 16 33 + 14
Sex, %o males............ 55% 47% s 60%
Paraoxonase activity
(nmol min~! ml~!):
—NaCl.............. 135 = 43 228 = 61 238 = 64 341 = 79
+1MNaCl.......... 140 = 43 539 = 170 574 = 175 1,008 = 244
Arylesterase activity
(pmol min~!ml~1).. ... 116 = 33 115 = 30 119 = 31 121 = 29
% stimulation of
paraoxonase ........... 5.1 = 11 135 = 32 141 *= 24 194 = 32
Paraoxonase/arylesterase
ratio.................. 1.21 = 0.19 4.68 = 0.85 4.84 = 0.51 8.36 = 0.70

NoTe: Phenotype was assigned using the paraoxonase/arylesterase ratio. The expected results for the AB
phenotype are those for an additive model with equal contribution from each allele product and no interaction
of the alleles or products.
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United States was .685; others have reported frequencies of: .7034, for an English
population [6]; .7595 for a German population [34]; .73 for a Canadian population
(estimated from the data of Carro-Ciampi et al. [7]); and .726 for a Danish
population [8]. The paraoxonase/arylesterase ratio characteristic should also be
useful in estimating the frequency of the ESA*A and ESA*B alleles in different
ethnic populations in which the frequency of the ESA alleles varies from the
Caucasian or in which other variants may occur. Playfer et al. [6] showed the
paraoxonase activity of Oriental and black African populations to be distributed
quite differently from that of the Caucasian population. From the limited data of
our two Chinese pedigrees, there was no apparent difficulty in using the ratio
characteristic to classify individuals. Perhaps the ESA*A and ESA*B alleles are
segregating in the Chinese as they do in the Caucasian population.

The inhibition of paraoxon hydrolysis by phenylacetate was not unexpected,
if phenylacetate and paraoxon act at a common site in the active center of the
enzyme. A single active site hydrolyzing both substrates would also explain the
high degree of correlation between the arylesterase and paraoxonase activities
within each phenotype. Paraoxon appeared to be a ‘“‘discriminating” substrate
for the A and B isozymes under most conditions of assay, whereas phenylacetate
was ‘“‘nondiscriminating” (hydrolyzed at similar rates by the isozymes). Possibly
this finding is analogous to the situation with human liver N-acetyltransferase:
p-aminobenzoic acid is a nondiscriminating (monomorphic) substrate, and isoni-
azid, a discriminating (polymorphic) substrate [35, 36]. Apparently, the turnover
of the A and B isozymes differ with paraoxon but are similar with phenylacetate.
One possible model that would explain this difference is that the rate-limiting
step in paraoxon hydrolysis is more rapid with the B isozyme; but for phenylacetate,
this is not the case. In fact, the rate-limiting step for phenylacetate hydrolysis
might be different from that for paraoxon. Since the rate of hydrolysis of phenyl-
acetate is so much greater (about 1,000-fold) than that of paraoxon, different
rate-limiting steps would not be surprising. Both genetic and biochemical evidence
led us to postulate that phenylacetate (and probably several other aromatic sub-
strates) are hydrolyzed by the same human serum enzyme as the one that hydrolyzes
paraoxon.

Various lines of evidence support the conclusion that the ESA locus determines
one serum enzyme having two common isozymic forms. The ratio of paraoxonase
to arylesterase activities clearly divides a population from the United States into
three modes that correspond to the three paraoxonase phenotypes, A, AB, and
B; the characteristic is inherited as a simple Mendelian trait at the ESA locus.
The ESA*A and ESA#*B alleles appear to determine qualitatively different serum
paraoxonase/arylesterase isozymes that respond differently to salt [11] and calcium
[7]1, and which have different apparent K, [12] and pH optima [8]. Preliminary
experiments in our laboratory have also shown that chlorpromazine can differ-
entially inhibit arylesterase, distinguishing the phenotypes [37].

While the substrate specificity of purified human serum paraoxonase/arylesterase
has not been established, that of animals has been studied. Bovine serum arylesterase
has been purified by a number of groups [15-17, 21], but no one has reported
whether paraoxon was hydrolyzed by their purified preparation. The one species
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from which paraoxonase activity has been highly purified is sheep serum [38].
Main found a purified preparation of sheep serum paraoxonase hydrolyzed p-
nitrophenylacetate and related compounds but not phenylacetate [30]. It is possible
that these characteristics are due to an unusual type of species difference. As is
well known, esterases of different species differ markedly from each other, and
from those of man [27, 29]. Some animal species have many more serum esterase
activities and esterase types, such as aliesterases, of which man has none [25].
Proof of the one enzyme hypothesis will require purification of these activities
from human serum, and this is in progress in our laboratory [39].

10.

11.

12.
13.
14.
15.
16.
17.
18.

19.
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